A potential risk for workers exposed to inhalation of endotoxin, as well as the primary tissue changes, is the possibility of subsequent development of adult respiratory distress syndrome. Accordingly, hamsters were administered one hour aerosols of Enterobacter agglomerans and allowed to rest for six hours to produce maximum microlesions in the lung. One hour before this peak, the animals were injected intravascularly with the same suspension used in the aerosol. After one hour the animals were killed and bronchopulmonary lavages were made for analysis of free lung cells. As anaesthesia alone has been reported to be one of the operative procedures that enhance the effect of previous exposure to endotoxin, controls had to include sham anaesthesia with no intravascular injection. Endotoxin inhalation induced significant increases in total number of pulmonary leucocytes, mostly neutrophils, but with a concomitant relative decrease in number of alveolar macrophages. These polymorphonuclear neutrophils are not seen in morphometric analysis of the alveoli. Of greater interest was the large increase in erythrocytes suggesting pulmonary haemorrhages. Such changes were not due to intravenous bacteria alone, and were only significant when the bacteria were inhaled. Taken together with the other known inflammatory effects of inhaled bacteria or bacteria containing endotoxin, such inhalation in an occupational setting constitutes an increasingly recognised risk for workers. 
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At appropriate times after the cessation of the aerosol, the animals were anaesthetised with barbiturates and subjected to bronchoalveolar lavage. Cells from lavages were tested for viability by tryptan blue exclusion, counted, and analysed differentially by cytocentrifugation and Wright-Giemsa staining. All cells retained viability greater than 950o.
Results

EFFECT OF ENDOTOXIN INHALATION ON FREE LUNG CELLS
Twenty two hamsters were randomly divided into control, six, 24, and 48 hours post inhalation groups and subjected either to no aerosol (control) or the standard LPS inhalation challenge. Figure 1 gives results from the lavages taken at the designated times. These were statistically analysed by the two tailed t test for independent variables (p was set at < 0-01 toxin in an aerosol and animals given whole E agglomerans for one hour. Lavages were made at only one time point, six hours, which was the time for development of maximum microlesions.4 Figure 2 gives the results statistically analysed as previously.
Inhalation of bacteria induced a significantly greater infiltration of leucocytes into the lung. Most of this infiltrate consisted of alveolar macrophages and neutrophils. The ratio of alveolar macrophages to neutrophils was greater in the animals receiving whole bacterial cells, whereas the ratio of neutrophils was higher in the endotoxin exposed animals.
EFFECT OF COMBINED INHALATION AND INTRAVASCULAR CONTACT WITH WHOLE BACTERIA
Hamsters were given a standard aerosol of whole E agglomerans cells for 30 minutes and allowed to rest for six hours to maximally develop pulmonary microlesions.6 One hour before this peak, the animals were anaesthetised and injected intravascularly with 0-2 ml of the same suspension used for the aerosol. After one hour the animals were killed and bronchoalveolar lavages were made for free lung cell analyses. Because anaesthesia has been reported to be one of the operative procedures that may predispose the ARDS condition, controls included animals subjected to anaesthesia with no intravascular injection. anaesthesia, and intravascular bacteria groups) was compared with each of the other groups. Table 2 gives the results. Exposure to the complete regimen was characterised by a marked increase in number of erythrocytes and a relative decrease in the proportion of alveolar macrophages, whereas the neutrophils proportionately increased. This could indicate pulmonary haemorrhage. The anaesthetic, if anything, lessened the effects of the bacterial aerosol, and contributed little on its own to the free lung cell reaction. The combined anaesthetic and intravascular bacteria treatment had no significant effect.
Discussion
Inhalation of either purified bacterial endotoxin or whole cells induced significant increases in total number of pulmonary leucocytes, owing mostly to increases in alveolar macrophages and neutrophils. Inhalation of bacteria produced more pronounced reactions, with a greater neutrophil response, whereas the reaction to inhaled endotoxin was lower and predominantly due to alveolar macrophages. As these polymorphonuclear neutrophils are not seen in morphometric analysis of the alveoli, infiltration of the higher airways must be considered important.
If the lungs were to receive a second insult during the time when the inflammatory response to the initial stimulus was highest, the lung might be in a more vulnerable position. When inhalation of Gram negative bacteria was followed by an intravascular injection ofsimilar cells, a large increase in number of erythrocytes, suggesting pulmonary haemorrhage, was accompanied by a relative decrease in the proportion of alveolar macrophages and a proportionate increase in neutrophils. Such changes were not due to intravenous bacteria alone, as they were only significant when the bacteria were inhaled.
Previous work with such a two staged pulmonary insult model was described using rabbits that were initially subjected to a bacterial aerosol and a subsequent intravascular administration 24 hours later. In this species, one in which the effects of platelet activating factor seem to be more severe, the animals responded by drastic prostaglandin dependent reductions in arterial Pao2 and peripheral platelet counts, and succumbed within hours to extensive interstitial pneumonitis and pulmonary haemorrhage.5
Taken together with the other known inflammatory effects of inhaled bacteria or bacteria containing endotoxin, such inhalation in an occupational setting constitutes an increasingly recognised risk for workers exposed to inhalation of Gram negative bacteria or their endotoxic components. Although a single exposure to endotoxin does not result in long lasting changes, the workers could still be at a health risk if continually exposed to endotoxin inhalation or if a single exposure happened to be coupled to an additional pulmonary insult. Workers exposed to such conditions and who may coincidentally be secondarily exposed within a definite period to other known risk factors may be at increased risk for developing ARDS. Additional risk factors seem to be necessary for inflammatory or physiological reactions to occur subsequently. Such factors could be surgical manipulation, intubation, anaesthesia,9 hypoxia,'' " burns,'2 or even recent exposure to endotoxin.' In each of these instances, the combined effects of endotoxin sensitisation might subsequently be enhanced if the endotoxin exposed worker was later coincidentally exposed to such an event promoting additional injury.
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